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VI. IDENTIFY IMPROVEMENT ALTERNATIVES

Once a problem interchange has been identified and the nature
of the problem has been thoroughly investigated through engineering studies,
the next step is to identify alternative solutions to alleviate the problem.
A procedure for identifying improvement alternatives is presented below.

A. Procedure to Identify Alternatives

The selection of a set of suitable alternative solutions for
a particular interchange problem is highly dependent on the type of oper-
ational or safety problem(s), the interchange configuration, the geometrics
of individual interchange elements, the traffic volumes present, the type
of traffic control devices used, the right-of-way and other physical con-
straints and many other factors. Because so many factors are involved, it
is often stated that the problems of each interchange are unique and require
a unique solution; and, in the strictest sense, this is true. However, it
is also true that certain general classes of problems recur frequently and
that certain general classes of solutions are appropriate for these problems.
Therefore, we have attempted to organize the state-of-the-art in a manner
that will be useful to designers and traffic engineers who deal with free-
way-arterial interchange problems.

Currently, engineers identify appropriate alternative solutions
through engineering judgment based on previous experience with interchanges
having operational and safety problems. Although a more formalized approach
is recommended here, it is not our intention to supplant the engineer's
judgment. Rather, we hope to assist the engineer by making the review of
potential solutions as efficient as possible. At the same time, we want
to ensure that the range of alternative solutions is not limited unneces-
sarily. An organized procedure to review potential solutions should reduce
the possibility that the "best'" solution will be missed.

The recommended approach uses a series of 9 charts (presented in
Tables 4-12) that relate the common operational and safety problems of
freeway-arterial interchanges to potential solutions. Each chart presents
appropriate solutions for a specific problem or a set of related problems.
Where several distinct problems are present at an interchange, the use of
more than one chart may be required to identify all appropriate solutionms.
The potential solutions are classified by the type of ramp or interchange
configuration to which they are appropriate, and by whether the overall

interchange configuration or only a portion of the interchange (freeway,
ramp, or arterial crossroad) is to be modified.
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TABLE 4

DELAYS AND ACCIDENTS ON OFF-RAMPS

PROBLEMS -

o Excetsive deloy on off-ramp

o Vehicle queues on off=romp and/or freeway

o Rear=end accidents on off=ramp and/ or freeway

FUNCTIONAL OBJECTIVES OF SOLUTIONS
o Increase capacity of crossrood remp terminal and/ or arterial

e Increcse space avalilable for vehicie storage off of mainline freeway lanes

o Reduce troffic volume on romp

LIST OF POTENTIAL SOLUTIONS

J1]L il 1t

\ - A L 1if :n

i [+ i |t 8

Free-Flow Loop Controllied-Flow Loop Diomond Ramp Quter Connection Ramp | Frontage Rood Slip Remo

Add loop off=ramo o

Add outer connection
]
offeramp

Interchange

off=ramp

° Divert demand by improving accessibility on some other route .

Lengthen upstreom weaving area or deceleration lane .
Add upstreom auxiiiory lone

Froewoy
e

U ’ Eliminate remp ' Y
Add lanes to ramp .

Channeliza turning movements

3

Langthen ramp °
’ s Move ramp upstream

Optimize existing signal ° ®  Optimise eaisting sigral  ®

Install signal imstall signal .

Langthen acceieration lane on arterial .

o . Add auxiliory iane on arterial o
Close or move occess point to major generator . .

Maks arterial one=way o

< Other improvements to incraase capocity of arterial ( table & for details) N
;g . mkooﬁ:?::; rood |

. Connect ramp .
Hirectly to crossroad

Discontinue
frontage road

Chonnelize frontage
rood to prevent weaving
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TABLE 5

DELAYS AND ACCIDENTS ON ON-RAMPS

PROBLEMS

o Excessive delay on on=ramp

sCongestion on arterial related to on-ramp backup
o Rear end accident on on-romp

jo Crossroad accidents related to off-ramp bockup

o Merging accidents (ramo to freeway)

FUNCTIONAL OBJECTIVES OF SOLUTIONS

®increase capacity of ramp or freeway ramp terminai

®Provide space available for vehicle storage off the orterial

® Reduce traffic volume on on=-ramp

e Reduce conflicts between mainline freeway ond on-ramp vehicles

UST OF POTENTIAL SOLUTIONS

\

i |— —i| | 4
Free~Flow Loop Controlled~Flow Loop Diomond Ramo Quter Connection Ramp | Fronrage Road Siip Ramp

Add directionol on=ramp

o Add outer connection |
on=ramp

Interchangs

Add C-D roadway

Lengthen acceleration lane or wecving area

Divert demand by improving accessibility by some other route

Freeway |
L ]

Add downstream auxiliary lane

® Eliminate on-ramp

o Add lanes to on=ramp

e Lengthen on=-ramp

Lengthen on-ramp

Mave ramp downstreame

. .. Add right turn deceleration lane .
'§ * Lengthen right-tum lone storge -
E o Add ouxiliery lane .

Add left=tum lane

Lengthen left=tum lone storage

l' Make grterial one-waysef

Moake arterial one-way e
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TABLE 6

DELAYS AND ACCIDENTS ON ARTERIAL CROSSROAD

PROBLEMS

oxcauive deloy for through traffic on arterial (ot ramp terminais ond odjacent intersections )

eExcessive deiay for left and right turns from arterial (at ramp terminals end adjocent intersections )

#Rear-end, left=turn, and right=turn accidents on orterial (at ramp terminais ond odjacent interiections )
FUNCTIONAL OBJECTIVES OF SCLUTIONS

|#increcse intersection or ramp terminal capacity

[*Reduce traffic volumes

eDefine and separate conflict arecs

[oReduce vehicle speed ot conflict points

o increase visibility

S UST OF POTENTIAL SOLUTIONS

Full Cloverieaf Partial Cloveriecf Diamond Slip Ramo Diamand

Add loop on=ramp

P Add outer connection on-rampef:
Add directional on-ramp ®  Add directional on-ramp

Chonnelizs turning movements

5 o Elimincte ramp L
N Add lanes to on=ramps (except loops ) ]
Optimize existing signal of
Add left turn phase o
Add ali-red clearance phose L
Provide signal progressian on arterial .
Install signal .
Install ali-woy stop [
- Remove corner sight obstructions
increase curb rodius for right=turns o
Add left<turn lone to crterial .
Add double leftetyrn lane to arteriai .
] Langthen left-turn storage o
-8 Increate distance between ramp terminals o
E Reduce speed limit on ortericl
e Add through lanses to arterial o
° Add auxilliary lanes on arterial L
£l o
@ Lengthen weaving area e SRR
. Eliminate lane drop R S S
Widan frontage road L
0 Close or move sccess point to major generator .
: Make artericl one=way .
N Instail / improve lighting -
Use ony of chove to improve capacity of nearby intersection ks
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TABLE 7

. SINGLE-VEHICLE ACCIDENTS ON RAMPS

PROBLEMS

e Single vehicls accidenrs on ramps

FUNCTIONAL OBJECTIVES OF SOLUTIONS

[* Reduce likelihood of leaving roadway
® Reduce consequences of leaving roadway

LIST OF POTENTIAL SOLUTIONS

‘\‘ — =i = if | —
J 7

Free-Flow Loop Controlisd~Flow Loop Diamond Ramp OQuter Connection Ramp Frontage Road Slip Romp

o Lengthen deceleration lane or weaving arec of oif-ramp

(3
rresway

improve directional signing

. Improve roadside design o]
i Improve horizontal and/or vertical alignment .
° Increase superelevation L
Romp [ Improve drainoge ot cross-slope transitions .
. Increcse sight distance °
o Add shoulders b
0 Post advisory speed limit 1

Increcse skid resistance

*Ramove curbing, unnecesary fixed objects, umnecesiary guardrail, flatten xlép«, ond install warronted
guardrail, crosh cushioms and breckawoy devices.

TABLE 8

HEAD-ON ACCIDENTS ON TWO-WAY RAMPS

PROBLEMS

o Head-on occidents on two~way ramps

" FUNCTIONAL OBJECTIVES OF SOLUTIONS

lePhysically separate movements in opposing directions

UST OF POTENTIAL SOLUTIONS

— —

Cloverieaf Partial Cloverieaf

o {nstall median and/c;r meaion barrier

Recomtruct ramps on saparcte alignments
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TABLE 11

DELAYS AND ACCIDENTS WITHIN MAINLINE FREEWAY
WEAVING AREAS

PROBLEMS

e Congestion within mainline fresway weaving areas
Accidents within mainline freeway weaving arees

FUNCTIONAL OBJECTIVES CF SOLUTIONS

® Eliminate weaving area

o Lengthen weaving orea

jeSeparate weaving erea from through lones
|*Reduce traffic volume

UST OF POTENTIAL SOLUTIONS

\_ J[*hodr] kI
R A

Within Full Cloverieaf Between Adjccent Parclos Betwaen Adjccent Diamonds

Iy e
< ~ T

——~|l H—

Between Adjacent
Slip Romp Diomonds

L Add C~D roadway

Add loop 'ramp 1o decrease
existing on=ramp volume

1o . .
'] connecting adiccent crossroads

Add frontage roeds .{
i

. Convert to Parcio AB design or.

tntarchange

L Croate "braided" ramps using grade separation structures .

Reverse order of an=

and offeramos ¢

L]

Divert demand by increasing accessibility on some other route o
Add auxiliery lane in weaving arec .

Add ouxiliory lane
prior to on=ramo gore

Freeway

Add quxiliary lane
beyond off<ramp gore

g- b Eliminate ramps .
o

. Raalign remps to create longer weaving areos o
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TABLE 9

MERGING ACCIDENTS AT ENTRANCE TO ON-RAMPS

PROBLEMS

leMarging accidents involving right= and left~turns at entrance to on-ramp or frontage rood
FUNCTIONAL OBJECTIVES OF SOLUTIONS

®Separate conflicting movemants in spoce
®Separote conflicting movements in time
@ Reduce traffic volumes in conflict

UST OF POTENTIAL SOLUTIONS

JU %l.--- J’\L,..-- J’\l ==
S J » ;] -
—- v =" ¢ —" G
- ) - \ [
Partial Cloveriesf Ramp Diamond Ramp Frontoge Rood

Improve channelization at ramp terminal

Add lone to on~ramp

d Make arterial one-way .

o Add right=turn lane on arterial .

i) Signalize with protected left-tum phase o

§ o Signalize with protected left-tum phase and prohibit RTOR s
Improve channelization

“of frontoge road intersection *

Widen frontage rood .

TABLE 10

WRONG-WAY ACCIDENTS

PROBLEMS

e Wrong~way accidents on ramp or freeway

FUNCTIONAL OBJECTIVES OF SOLUTIONS

o Discourcge wrong=way ramp entries’

LIST OF POTENTIAL SOLUTIONS

HiL 4/ L A

\ — T NiT ir

RN AN
l 11

Frae-flow Loop

Controlled-flow Loop Diamond Ramp Outer Connection Romp | Frontage Rood Slip Ramp

Provide all move
L4 Raalign off=rump terminal channelization .
o improve signing o
o {retall active warning devices

Ramp |

Make frontoge road
ong=way

Move ramp upstream o
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TABLE 12

DELAYS AND ACCIDENTS BETWEEN RAMP TERMINAL
AND ADJACENT INTERSECTION

PROBLEMS

® Congestion on arterial between ramp terminal and odjacent intersection_(or major driveway)
* Rear—end ond angle accidents on arterial between romp terminal and adjacent intersection (or major driveway )

FUNCTIONAL OBJECTIVES OF SOLUTIONS

? Increase saparction betwsen ramp terminal and intersection
® Increase copacity of romp temminal end intersection

o Create gaps in arterial traffic

o Reduce traffic volume

LIST OF POTENTIAL SOLUTIONS

Controlled~Flow Loop Diomond Ramp Quter Connection

.'m-v{ Divert demand by improving accessibility by some other route .

: Eliminate romps .
. Move ramp terminal further from intersection .
. Realign ramp to intersect frontage rood rother than arterial crossrood »

Resiign rome o invenect orterial ot 90°

Realign romo and 1ignalize ramo rerminal

Ramp

® Install signal at romp terminal B

® Retime signal at romp terminal

. Widen remp

® Provide tum lanes on romp

hd Eliminate intersection i
* Move intersection further from roamp terminal L3
* Retime signal ar intersection . 4
R Provide signol progression on arterial °
s | Provide auxilliary lane between ramp teminal and intersection *
< Instail left-turn lane at intersection .
® Install double left-turn lane at intersection .
* Widen arterial °
M Iratall channelization to prohibit weaving .
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The charts can be used in the following manner. Filrst, review
all 9 charts to select the one(s) appropriate for the operational or safety
problems at the interchange in question. Second, select the column appro-
priate for the type of ramp or interchange configuration at the-problen location.
Third, review all solutions in the selected column. Solutions which are
not physically feasible at the particuiar location or are not appropriate
for the site-specific problem can be eliminated at this stage.

Judgment must be exercised in interpreting these charts since,
for example, installation of a signal is not an appropriate countermeasure
at a location that is already signalized. Rather than introducing more
classifications to the charts, such as signalized vs. unsignalized ramp
terminals, it is assumed that the user is capable of eliminating such in-
appropriate solutions very quickly.

It should be recognized that no set of charts, such as those
presented in Tables 4-12, can present every solution appropriate for a
particular problem and location. The scope of the charts has been limited
to improvements that preserve or are closely related to the existing inter-
change configuration. Although major rebuilding could alleviate a problem
by a complete change in the interchange configuration, this 1s often in-
feasible in urban and suburban areas due to right-of-way restrictions. In
addition, some interchanges will always present unusual geometric or traffic
conditions that cannot be generalized. For these reasons, the charts also
jdentify the functional objectives of the solutions presented. These func-
‘tional objectives are the basic principles that underly the solutions and
these basic principles are applicable even when the specific solutions in
the charts are not. Additional solutions will often be apparent if the
appropriate functional objectives are kept in mind. It is recommended
that--in every case--the engineer should consider whether solutions not
included in the charts are physically feasible and appropriate to the
problem.

In the final step, the solutions that have been identified should
be used--alone or in combination with one another--to define a set of formal
alternatives for consideration in the design process. Whenever possible,
preference should be given to alternatives that treat the basic cause of a
problem rather than merely its symptoms. For example, where tpaffic backs
cnto the mainline freeway lanas from a diamond ramp, the basic problem is
usually the capacity of the crossroad ramp terminal and solutions which
increase its capacity are preferable to those that merely increase the
vehicle storage available on the ramp.

There is a strong temptation to introduce budgetary constraints
at this stage and eliminate the more costly alternatives. However, the
retention of all reasonable alternatives and thelr analysis in more or less
depth, as described in Sactions VII and VIII, is recommended to ascertain
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the costs and relative merits of the alternatives. Even if funds are not
immediately available to construct the "ultimate" improvement for the
interchange, it may be possible to construct a smaller project which con-
tributes to the "ultimate" solution through staged comstruction. For
example, widening of a diamond off-ramp to increase vehicle storage may
contribute to a later capacity improvement of the crossroad ramp terminal.

B. General Classes of Problems and Solutions

The 9 charts used to identify alternative interchange improvements

- each address one or more related operational or safety problems that fre-
quently occur at freeway-arterial interchanges. The nature of these 9 sets
of problems and their general solutions are briefly discussed in this section.
The problems included in the charts illustrate the critical role of the
arterial crossroad and crossroad ramp terminals as the source of problems

at freeway-arterial interchanges. A review of 40 interchange rehabilitation
projects, presented in Volume III, found that 85 percent of the projects in-
volved improvements to the crossroad ramp terminals and that most improve-
ments to the arterial crossroad and the ramps were related to the ramp termi-
nals. Consequently, the charts indicate a heavy emphasis on solutions in-
volving the crossroad and ramps.

1., Off-ramp delays and rear-end accidents: A common problem of
freeway-arterial interchanges is the back up of traffic on an off-ramp re-
sulting from insufficient capacity of the crossroad ramp terminal relative
to the ramp volume. While most typical of diamond and partial cloverleaf
interchanges, this problem could conceivably occur at any freeway-arterial
interchange. The capacity deficiency at the crossroad ramp terminal can
lead both to excessive delay for off-ramp motorists and to rear-end acci-
dents at the end of the queue. The problem is generally considered most
gevere 1f the queue of vehicles extends into the through lanes of the main-
line freeway. Table 4 presents a variety of improvements to the interchange
configuration and to individual interchange elements each of which is intended
to increase capacity, increase vehicle storage or reduce traffic volume.
Judgment must be used in interpreting this chart because, for example, geo-
metric improvements to the mainline freeway are appropriate only when the
queue of vehicles extends beyond the off-ramp gore. As noted in the lower
portion of the chart, capacity improvements to the arterial crossroad
(presented in Table 6), can also contribute to the solution of these pro-
blems because such solutions can increase the capacity (green-to-cycle time
ratlo) for the off-ramp approach.

The countermeasure "optimize existing signal," which appears in
Table 4 and several other tables, refers to a variety of signal improve-
ments including adjusting timing, relocation of signal heads, installation
of mast arms, installation of visors and/or back plates, etc.
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2. On-ramp delays and accidents: An analogus problem can also
occur when there is insufficent capacity for traffic entering the mainline
freeway from an on-ramp. Such problems can arise from geometric comnstraints
or from extremely heavy freeway volumes. (The solution of problems caused
by heavy freeway volumes are not addressed directly here because they are
not interchange-related, but some solutions presented here could be used to
accomodate, rather than solve, freeway-related problems).

Merging accidents involving vehicles entering the mainline freeway
are also included here because many of the same countermeasures are effec-
tive. Table 5 illustrates appropriate solutions for five on-ramp configu-
rations. These countermeasures include those that increase capacity, in-
crease vehicle storage, reduce traffic volume and reduce traffic conflicts.
Geometric improvements to the arterial crossroad are appropriate only when
the queue of off-ramp vehicles extends onto the crossroad.

3. Arterial crossroad delays and accidents: Table 6 addresses
the solution of a variety of common interchange problems including delays
for through, right-turn and left-turn vehicles on the arterial crossroad and
several types of accidents at crossroad ramp terminals including rear-end,
right-turn, and left-turn accidents. For these problems, it is most con-
venient to classify solutions based on the overall interchange configuration
rather than the configuration of an individual ramp. There are a large
number of conventional traffic engineering solutions applicable to inter-
change configurations with at-grade ramp terminals--partial cloverleafs,
diamonds, and slip-ramp diamonds. However, Table 6 illustrates graphically
that there are very few solutions appropriate for the full cloverleaf con-
figuration. In many cases, the capacity of the crossroad in the interchange
area may be constrained by an adjacent intersection (such as a frontage road)
as well as by the ramp terminal. Most of the solutions in Table 6 are also
applicable to frontage road intersections. A common problem involving a
frontage road intersection located very close to a crossroad ramp terminal
is treated as a special case in Table 12.

4. Single-vehicle accidents on ramps: One common interchange
problem that does not directly involve the crossroad ramp terminals is the
single vehicle run-off-road accident. This problem is often identified by
observation of erratic maneuvers or roadside damage rather than by accident
,records. There has been considerable effort in recent years to decrease
the frequency and, especially, the severity of roadside accidents based on
the principles of the AASHTO Yellow Book 1 including gore area impfovements,
barrier installation, breakaway devices, etec. Table 7 presents ten general
countermeasures to combat single vehicle run-off-road accidents. The func-
tional objectives of these coﬁntermeasures are either to reduce the likeli-
hood or consequences of leaving the roadway. The same set of countermeasures
applies to all types of ramps.
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5, Head-on accidents on two-way ramps: Some older cloverleaf
and partial cloverleaf interchanges have two-way ramps where the two di-
rections of travel are separated by either a painted centerline or a very
narrow median. Such locations have the potential for head-on accigdents,
which can be alleviated by installation of a median and/or median barrier
or by recomstruction of the ramps on separate alignments, as indicated in
Table 8. (This design is also susceptable to wrong-way movements onto the
freeway or arterial--see Table 10.)

6. Merging accidents at entrance to on-ramp or frontage road:
Merging accidents can occur at an at-grade crossroad ramp terminal or
frontage road intersection as right-turn and left-turn vehicles from the
crossroad come into conflict. The functional objectives of solutions for
this problem involve separating the conflicting vehicles in space or in
time, or reducing the traffic volumes in conflict. The solutions, given
in Table 9, include addition of another ramp to divert.traffic; improved
channelization of the ramp terminal or frontage road intersection; widening
of the on-ramp or frontage road; signalization with a protected left-turn
phase; and, converting the arterial crossroad to one-way operation.

7. Wrong-way accidents on ramp or freeway: Wrong-way accidents
can occur on an off-ramp or mainline freeway when arterial crossroad vehi-
cles enter an off-ramp in the wrong direction. Countermeasures for this
type of accident, given in Table 10, are intended to discourage wrong-way
entries by provision of all movements at partial interchanges; realignment
of off-ramp terminal channelization (islands and medians); signing improve-
ment; installation of active warning devices; making frontage roads one-way;
and moving slip ramps upstream.

_ 8. Congestion and accidents with mainline freeway weaving areas:
A predominant interchange~related problem on mainline freeways is congestion
and accidents in weaving areas within full cloverleaf interchanges or between
adjacent interchanges. The functional objectives for solution of these pro-
blems include elimination of the weaving area; lengthening the weaving area;
separating the weaving area from the through lanes; or reducing the traffic
volumes. Table 11 presents a variety of freeway, ramp, and interchange-
configuration-related solutions to the problems of traffic operations in
weaving areas. :

9. Congestion and accidents on arterial between ramp terminal and
adjacent intersection: A common interchange-related problem occurs when a

frontage road intersection (or major driveway) is located in close proximity
to a ramp terminal. The operation of the ramp terminal and frontage road
intersections may interfere with one another, and congestion and accidents
may occur at both locations,and between them on the arterial crossroad. Such
problems occur in two distinct, but closely related, situatioms.
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The first situation can occur between the free-flow outer connec~
tion off-ramp of a full cloverleaf and a signalized frontage road intersec-
tion. In the weaving area between the ramp terminal and the signal, cross-
road vehicles change lanes to the right to turn right onto the frontage road
and ramp vehicles change lanes to the left to turn left onto the frontage
road or go straight on the arterial crossroad. Weaving maneuvers in this
area are often constrained by queues of vehicles that form when the frontage
road signal is red. This situation illustrates the basic incompatibility
between the free-flow nature of the ramp and the interrupted-flow nature of
the signalized frontage road intersection.

The second situation occurs between a controlled-flow off-ramp
terminal, such as found in a diamond or partial cloverleaf interchange,
and a frontage road intersection. The second situation differs from the
first because both intersections may be signalized. However, weaving pro-
blems may still occur on the arterial crossroad between the intersections
and, if the ramb—terminal has a free-flow right-turn lane, traffic opera-
tional problems identical to those described for the first situation may
occur,

Table 12 illustrates several improvements to the freeway, ramp
and arterial crossroad that can be employed to alleviate these problems.
The functional objectives of these solutions are to increase the separa-
tion between ramp terminals and intersections; increase the intersection
capacity; create gaps in arterial traffic for weaving vehicles; and reduce
traffic volumes.



